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In the course of an investigation of the etiology of primary atypical pneu- 
monia attempts were made to isolate infectious agents from specimens obtained 
from patients with this clinical syndrome.  Not only were efforts made to re- 
cover virus-like  agents  from  such  specimens  but  also  the  various  bacterial 
species encountered were studied.  From lung tissues obtained from two fatal 
cases of primary atypical pneumonia a  non-hemolytic streptococcus  was iso- 
late&  In a  preliminary communication (1) the results of certain studies car- 
ried  out  with  this  microorganism  were  reported.  It  was  shown  that  some 
patients  with  primary atypical pneumonia  developed  in  their  serum  during 
convalescence antibodies which agglutinated this streptococcus and also yielded 
precipitates  with  appropriate  extracts  derived  from  the  bacterial  cells.  In 
most instances similar antibodies were found not to develop during convales- 
cence from other acute infectious diseases. 
Since this non-hemolytic streptococcus appeared to possess certain interesting 
properties it has been  studied  in  detail.  Efforts have been directed  toward 
determining  its relationship  to other streptococci.  Moreover, attempts have 
* The Bureau of Medicine and Surgery of the U. S. Navy  does  not necessarily  undertake to 
endorse views and opinions which are expressed in this paper. 
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been  made  to acquire  information  concerning  the antigenic  structure  of this 
microorganism.  It was anticipated  that this information might serve to shed 
some light  on  the  significance of the  serological  reactions  observed with  this 
microorganism in primary atypical pneumonia. 
Streptococci are  usually  classified  on  the  basis  of their  reactions  on blood 
agar.  Throughout  the  present  communication  the  term  "non-hemolytic" is 
used  to designate all  strains  of streptococci which do not produce hemolysis 
when grown in the presence of blood.  Under this term are included both indif- 
ferent  or ~, streptococci  (Brown)  which produce no visible reaction  on  blood 
agar,  and  viridans  or  a  streptococci  (Brown)  which  produce  more  or  less 
greening. 
It is  well  established  that  strains  of non-hemolytic or ~iridans  streptococci are 
commonly found in cultures from the normal hurnan respiratory tract.  The relation 
of any strain of non hemolytic streptococcus to the pathogenesis of acute respiratory 
infections has never been conclusively established.  Moreover, a satisfactory classi- 
fication of this group of microorganisms has not as yet been achieved. 
Great interest  in the possible  relation of so called non-hemolytic streptococci to 
the etiology of human influenza was aroused during the pandemic of 1918-19.  The 
numerous publications concerning the isolation of microorganisms of this kind from 
the throats,  sputa,  and  necropsy materials  from patients  with influenza have been 
admirably reviewed by Thomson and Thomson (2).  In some instances efforts were 
made to characterize these  streptococci by means of their  morphology, the degree 
to which they produced greening on blood and, as recommended by Holman (3) and 
by Blake (4),  their ability to ferment selected sugars.  The majority of the strains 
associated with human influenza were classified  by these tests  as belonging to the 
group termed Str. buccalls  by Blake, or to the groups termed Str. mitls, or Sir. sali- 
varius by Holman.  These groups are thought to include most of the non-hemolytic 
streptococci commonly found in the respiratory tract of normal human beings.  It is 
now generally recognized that tests other than those employed in these earlier studies 
are necessary for the classification  of non-hemolytic streptococci. 
The occurrence of non-hemolytic or viridans streptococci in association with un- 
usual  forms of pneumonia  has  also  been  reported  by a  number  of investigators. 
Some workers  (5-7)  have considered these microorganisms to be of no significance, 
while others (8-14), have suggested the possibility that they were at least partially 
responsible  for the illness.  The pneumonias studied  by some of these authors  (5, 
6,  12,  13)  were characteristic of the clinical  syndrome known as primary atypical 
pneumonia.  As was true in the studies on influenza, the great majority of the strains 
cultured from patients with unusual pneumonias were identified as belonging to the 
Str. mltis or Str. salivarius groups described by Holman and were considered by the 
authors  to  be  representative  of the  common non-hemolytic streptococci  normally 
present in the upper respiratory tract. 
It is the purpose of this paper to report the results of studies on the biological 
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tract of human beings.  For convenience  this microorganism  will be desig- 
nated as streptococcus  MG.  It will be shown that the strains of this micro- 
organism studied constitute a single homogeneous group which differs in certain 
fundamental  respects from other non-hemolytic streptococci.  An accompany- 
ing paper (15) will describe the results of studies on the antigenic constitution of 
streptococcus  MG.  The results of serological studies with streptococcus  MG 
in primary atypical pneumonia will be reported elsewhere (16, 17). 
EXPERIMENTAL 
Isolation of Streptococcus MG 
The first two strains (344 and 9) of streptococcus MG isolated were obtained 
from lung tissues  of fatal ca~s of primary atypical pneumonia  (1).  These 
strains were found to be capable of growing in the presence of certain substances 
known to inhibit the growth of various other microbial species.  Both strains 
were resistant to the bacteriostatic action of suffonamides.  Moreover,  both 
strains grew readily in media which contained sodium azide and gentian violet 
as well as sulfapyridine.  The resistance of these strains to the action of these 
inhibitory substances  suggested that a semiselective medium might be devised 
which would facilitate the isolation of additional strains of this streptococcus. 
Such a  medium has been described elsewhere (17).  Tests with this medium 
showed that although it was capable  of inhibiting the growth of many of the 
bacterial species present in specimens from the respiratory tract it supported 
the growth  of streptococcus  MG and also other non-hemolytic streptococci. 
It was found that both of the initially isolated strains of streptococcus MG 
showed  definite  capsular  swelling in  the presence  of  immune rabbit  serum 
against either of these two strains.  The characteristic  capsular  swelling ob- 
served when a young culture of streptococcus  MG was mixed with homologous 
immune rabbit serum is illustrated in Fig. 1. 
It will be shown  in  an accompanying paper (15) that immune rabbit sera 
against streptococcus  MG cause capsular  swelling not only of the homologous 
microorganism but also of Sir. salivarius type I.  Additional evidence will be 
presented (15) which indicates that these two streptococci are immunologically 
related. 
It was found, however, that both of the initially isolated strains of strepto- 
coccus MG produced small fluorescent colonies when grown on 5 per cent sucrose 
agar.  On the other hand Sir. salivarius  (18) produced,  when grown  on this 
medium, very large  succulent  colonies which  were easily differentiated from 
colonies of streptococcus  MG.  The differences between the colonies produced 
on this medium by streptococcus MG and Str. salivarius are illustrated in Fig. 2. 
The technique of isolation  of streptococcus  MG and the composition of the 
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medium containing gentian violet  1/500,000,  sodium azide 1/5000, and sulfa- 
pyridine 1/2,000 was usually employed.  In cultures of lung tissues either this 
semiselective medium or Brewer's thioglycolate medium was used.  Numerous 
specimens from patients with primary atypical pneumonia and from patients 
with other forms of respiratory disease as well as from normal human beings 
were cultured.  In each instance streptococcus MG was selected on the basis 
of the following properties: (1) capsular swelling  in the presence of anti-strain 
344 rabbit  serum and  (2)  growth in  small fluorescent colonies on 5 per cent 
sucrose agar.  In this latter respect they differed from Str. salivarius (18).  The 
results observed in cultures of specimens obtained from 251 human  beings are 
to be  reported elsewhere  (17).  Fifty-nine strains  of streptococcus MG were 
isolated in pure culture and each of these strains was included in the present 
study.  Of these strains 5 were obtained from the lung tissues and 37 from the 
sputa  of patients  with primary atypical pneumonia,  9 from sputa  or throat 
swabs of patients with so called catarrhal fever, 4 from sputa of patients with 
pneumonia due to pneumococci or other bacteria of recognized pathogenicity, 
and 4 from throat swabs of normal human beings.  All of these 59 strains were 
studied by a  number of cultural methods which are described below. 
Cultural Characteristics of Streptococcus MG 
Films of liquid  cultures of streptococcus MG,  when  stained  by the  Gram 
technique showed, in every instance, small Gram-positive cocci in  short chain., 
or pairs.  The cocci grew in long chains when cultured in the presence of bile or 
in media more alkaline than the optimal pH range of 7.2 to 7.8.  At times, par- 
ticularly  after  growth  on  solid  media,  considerable  pleomorphism  was  ob- 
served.  Capsules were not obvious until the bacteria were mixed with homolo- 
gous immune serum.  Each strain grew readily under aerobic conditions and 
all that were tested grew equally well under strict anaerobic conditions.  No 
strain was soluble in bile. 
The 59 strains were studied by numerous procedures which have been recom- 
mended  for  the  classification  of  non-hemolytic  streptococci.  The  methods 
used and the results obtained with each are presented below. 
Method 1.  Reaction in Litmus Milk.--Five ml. of sterile litmus milk was inoculated with 
0.1 ml. of an 18 hour blood broth culture and incubated at 37°C. for 24 hours.  The reaction 
was considered positive if the litmus milk first became acid and then curdled, following  which 
reduction of the litmus occurred. 
Method 2.  Production of Ammonia.--A  medium was employed similar to that recom- 
mended by Ayers, Rupp, and Mudge (19).  It consisted of infusion broth at pH 7.4 con- 
taining 4 per cent peptone (Bacto).  Five  ml. of this medium was inoculated with one drop 
of an 18 hour blood broth culture and incubated at 37°C. for 4 days.  It was considered that 
ammonia had been produced when the supematant liquid mixed with Nessler's reagent gave 
a definitely darker color than a similar mixture of the uninoculated medium and Nessler's 
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imetric  technique  employing  Nessler's reagent  (20).  The  quantity of  ammonia nitrogen 
produced by strain 344 was found to be 200 ~ag. per ml. of culture. 
Method  3.  Splitting  of Esculin.--A liquid medium was employed similar to that recom- 
mended by Orla-Jensen (21).  It had the following composition: casein digest 3  per cent, 
yeast extract (Bacto) 1 per cent, esculin (PfanstieM) 0.5 per cent, and ferric ammonium citrate 
(Merck) 0.05 per cent.  These substances were dissolved in distilled water, adjusted to pH 
7.4,  and sterilized in the autoclave at 15 pounds pressure for 15 minutes.  One ml. of this 
medium was inoculated with a loop of an 18 hour blood broth culture and incubated at 37°C. 
for 48 hours.  Esculin was considered to have been split when the culture medium lost its 
fluorescence and became black as a result of bacterial growth. 
Method  4.  Final Hydrogen  Ion Concentration.--The  final pH of glucose broth cultures of 
the streptococci was determined by a  method similar to that recommended by Ayers (22). 
The medium employed consisted of 1 per cent glucose,  1 per cent peptone, and 1 per cent 
yeast extract in tap water.  The pH was adjusted to 7.2 and the mixture sterilized in the 
Arnold apparatus.  Five mi. of this medium was inoculated with one drop of an actively 
growing blood broth culture and incubated for 7 days at 37°C.  At this time the pH was 
estimated by mixing one drop of the culture supernatant with one drop of an appropriate 
indicator, cresol red or brom-cresol green. 
Method  5.  Tolerance to Bile.--Plates were prepared which contained beef infusion agar, 
5 per cent defibrinated rabbit blood, and varying concentrations of sterile ox bile.  Eighteen 
hour blood broth cultures were streaked on the surface of these plates and incubated at 37°C. 
for 48 hours.  Liquid medium was also employed in some instances and the smallest inoculum 
which would initiate growth in broth containing 30 per cent bile was determined. 
Method  6.  Tolerance  to  Methylene  Blue.--A  method similar to  that of Avery  (23)  was 
employed.  Sufficient sterile 1 per cent methylene blue was added to sterile skimmed 
to give fnal concentrations of either 0.02 per cent or 0.005 per cent.  Five mi. aliquots con- 
raining each concentration of the dye were inoculated with 0.1 ml. of an 18 hour blood broth 
culture and incubated at 37°C. for 1 week.  Observations were made daily.  The reaction 
was considered positive ff the milk was curdled and the dye reduced. 
Method  7.  Tolerance  to  NaCl and  Alkaline  pH.--The  methods employed were  similar 
to those of Sherman, Mauer, and Stark (24).  Varying amounts of a sterile 25 per cent solu- 
tion of NaCI or of sterile 10 per cent NaOH were added to broth.  Two ml. aliquots contain- 
ing various concentrations of either NaC1 or NaOH were immediately inoculated with 0.1 ml. 
or a  10  -3 dilution of an 18 hour blood broth culture.  The inoculated media were incubated 
at 37°C. for 4 days.  The presence of bacterial growth was determined by the development of 
visible turbidity. 
Method 8.  Thermal Resistance.--The method employed was similar to that recommended 
by Ayers, Johnson, and Davis (25).  Cultures grown for 18 hours in sterile milk were heated 
for exactly 30 minutes in a  water bath at 56°C. and then subcuitured on blood agar.  The 
absence of growth on subculture was taken to indicate death of the streptococcus at 56°C., 
under the conditions of the test. 
Method  9.  Temperature  Permitting  Growth.--The  temperature  permitting  growth  was 
tested as recommended by Sherman (26).  Each of four 5 mi. afiquots of broth and sterile 
milk as well as each of four blood agar plates were inoculated with one loop of an 18 hour blood 
broth culture.  The inoculated media were  then incubated for 1 week at temperatures of 
10°C.,  20°C., 37°C., and 45°C.  The broth and blood agar were observed for the develop- 
ment of visible growth and the milk was examined for curdling. 
Method  10.  Liquefaction  of Gelatin.--Five  ml. portions of broth containing 15 per cent 
gelatin were each inoculated with one drop of an 18 hour blood broth culture.  The gelatin 
medium was then incubated at 37°C. for 6 days after which it was cooled to 4°C. for 18 hours. 
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Method 11.  Production  of Cata]ase.--Nutrient  agar slants were inoculated with a loop of 
an  18 hour blood broth culture.  After incubation at 37°C. for 5  days the surface of the 
slant was flooded with HsOi and observed for the evolution of gas. 
Method  12.  Hydrolysis  of Starch.  A  method  was  employed  similar  to  that  of  An- 
drewes (27).  The cultures were inoculated on nutrient agar plates containing 0.1 per cent of 
soluble starch.  After 48 hours'  incubation  at 37°C.  the plates were flooded with  Lugol's 
solution.  Hydrolysis of starch was considered to have occurred when a  pink or colorless 
zone surrounded the colonies while the remainder of the agar developed a deep blue color. 
Method 13.  Splitting  of Sodium  Hippurate.--Cultures were grown for 7 days at 370C. 
in broth which contained  1 per cent sodium hippurate.  The supernatant  liquid was then 
tested for the presence of benzoic acid by the ferric chloride method of Ayers and Rupp (28) 
and  by the sulfuric acid method  of Klimmer and  Haupt  (29).  A  strain  of Streptococcus 
agalactiae, Lancefield Group  B,  known  to be capable  of splitting  sodium hippurate,  gave 
positive results when tested by each of these methods. 
Method 14.  Fermentations.--Peptone  water  containing  1 per  cent Andrade's  indicator 
and  1 per cent of the test carbohydrate was employed.  The media were sterilized in the 
Arnold apparatus,  with the exception of inulin which was sterilized in the autoclave.  Five 
ml. portions of each medium with Dunham  tubes were inoculated with one drop of an  18 
hour blood broth culture.  The media were then incubated at 37°C. for 6 days before record- 
hag the results.  If bacterial growth was not satisfactory the tests were repeated with larger 
inocula.  The tubes were examined for the production of acid and the evolution of gas. 
Method 15.  Tests for Hemolysis.--Cultures were streaked  on the surface of 5 per cent 
rabbit blood agar plates and incubated at 37°C. for 24 hours after which evidence of greening 
or of hemolysis was noted.  With some strains more detailed studies, similar to those recom- 
mended by Brown (30) were carried out.  Sterile defibrinated human, sheep, horse, and rab- 
bit bloods were employed.  Each of the five strains isolated from the lung tissues of fatal 
cases of primary atypical pneumonia was cultured on the surface of each variety of blood agar 
plate as well as in pour plates prepared from each variety of blood.  Cultures were incubated 
both under aerobic and under strictly anaerobic conditions at  37°C.  Evidence of greening 
or of hemolysis was noted after 24 and 48 hours' incubation as well as after an additional 48 
hours  at 4°C. 
The results of these tests, with  the exception of tests for hemolysis, are pre- 
sented in Table I.  Under the conditions of the tests described above it will be 
noted  that  the  following  results  were  obtained:  When  grown  on  litmus  milk 
all strains  first produced  acid,  then  curdled  milk,  and  finally reduced  litmus. 
The clots formed were firm, showed little retraction, and were readily digested 
by alkali.  All strains produced  ammonia  when grown  in  4  per  cent peptone 
broth  and  all  strains  split  esculin.  The  final  hydrogen  ion  concentrations 
after growth in 1 per cent dextrose broth, varied only between pH  4.6 and pH 
5.6.  Only  three  strains,  all  isolated  from  lung  tissues,  produced  a  final pH 
below 5.01 . 
Streptococcus  MG  was  remarkably  resistant  to  the  bacteriostatic  effect  of 
1 Dr.  J.  M.  Sherman,  Laboratory  of Bacteriology, College of Agriculture,  ComeU Uni- 
versity, Ithaca, New York, kindly studied ten of these strains and found that the final pH 
observed in a somewhat different medium consisting of 1 per cent glucose,  1 per cent tryptone, 
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bile.  Of the 59 strains tested 58 grew in 10 per cent bile, 56 grew in 20 per cent 
bile, 47 grew in 30 per cent bile, and 28 grew in 40 per cent bile.  All strains grew 
in litmus milk containing 0.005 per cent methylene blue and  caused reduction 
TABLE I 
Rea~s  of  Cultural  Studies  on  Streptococcua  MG 
Method 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Test 
Litmus milk (addilication, clotting, and reduction) 
Production of ammonia 
Spatting of eseulin 
Final H ion concentration ~H 4.6-5.6) 
Tolerance to bile  10 per cent 
20  "  " 
30  "  " 
Tolerance to methylene blue  0.005 per cent 
0.02  "  " 
Tolerance to NaC1 
Tolerance to pH 9.2 
2 per cent 
3  tc  cc 
4  tc  |~ 
Thermal resistance (56°C. for 30 rain.) 
Growth at 10*C. or 450C. 
Liquefaction of gelatin 
Production of catalase 
Hydrolysis of starch 
Splitting of sodium hippurate 
'eaction 
Per cent 
of strains 
100 
100 
100 
100 
98 
95 
89 
47 
100 
0 
80 
20 
0 
20 
0 
0 
0 
0 
0 
0 
Fermentation: 
Dextrose, sucrose, lactose, maltose  100 
Salicin  98 
Trehalose  53 
Raffmose, inulin, mannlte, dulcite, xylose, arabi-  0 
nose, sorbitol, glycerol 
of the dye but none grew in the presence of 0.02 per cent methylene blue.  Four 
of five strains tested grew in 2  per cent NaC1;  one  grew in 3  per  cent NaC1 
but none grew in the presence of 4  per cent NaC1.  Only one  of five strains 
tested was  capable  of  growth  in  broth  adjusted  pH  9.2.  No  strain  tested 
survived when heated to 56°C. for 30 minutes and none was capable of growth 398  NON-HEMOLYTIC  STREPTOCOCCUS  FROM  RESPIRATORY  TRACT.  I 
under the conditions of these experiments at  10°C.  or at  45°C. although all 
strains grew at 20°C.  and 37°C. 
Tests  for the  liquefaction of gelatin, presence of catalase,  and  hydrolysis 
of starch were negative in every instance.  The results of the tests for the split- 
ting of sodium hippurate were equivocal when carried out by the ferric chloride 
method  but  were  completely negative  in  every instance  when  carried  out 
by the sulfuric.acid method.  All strains formed acid but not gas from dextrose, 
sucrose, lactose, and maltose, and all but one from salicin.  Thirty-two of the 
59 strains fermented trehalose but none fermented raffinose, inulin, mannite, 
dulcite, xylose, arabinose, sorbitol, or glycerol. 
TABLE II 
Results of Tests  for Hemolytic A dg~ity of Streptococcus MG in the Presence  of Blood  from Various 
Species 
Streptococcus MG 
Strain No.* 
344 
9 
256 
440 
439 
Human blood 
Surface  Deep 
colonies  colomes 
--T-  o 
o  o 
o  o 
o  o 
o  o 
Rabbit blood 
Surface  Deep 
__  colonies  colome~ 
o'  +0  ÷ 
+~t  4- 
Horse blood 
Surface  Deel? 
colonie._____~s  colomes 
" 
o 
++0+  o 
+++  +Ok 
Sheep blood 
Surface  Deep 
colonies  colomes 
+++ 
+++ 
+ 
++~  ++ 
* Each strain tested was isolated from the lung tissue of a  fatal case of primary atypical 
pneumonia 
:~ indicates a' hemolysis (Brown) 
0  indicates no greening or hemolysis 
:1: to -bq-'b-b indicates degree of greening 
None of the 59 strains of streptococcus MG produced noticeable greening 
or hemolysis when grown on the surface of rabbit blood agar plates at 37°C. 
for 24 hours.  Considerable variations were noted, however, with longer periods 
of incubation and with blood from other species.  The results obtained when 
five strains isolated from lung tissues were cultured for 48 hours in the presence 
of blood from various species are  shown  in  Table II.  None  of the  results 
recorded altered significantly following storage of the cultures at 4°C. for 48 
hours.  No greening  (c~ hemolysis) or only a  very slight reaction was noted 
in any of the cultures during the first 24 hours of incubation.  None was noted 
at 48 hours in  the cultures with human  blood.  On  the  other hand all five 
strains caused some greening, and two also produced a' hemolysis when grown 
for 48 hours with sheep blood.  Three of the five strains showed some greening 
at 48 hours with either rabbit or horse blood.  The anaerobic cultures uniformly 
either showed no greening or very much less greening than the aerobic cultures 
and no a' hemolysis was observed with the anaerobic cultures. G. S. MIRICK~ L. THOMAS~ E. C. CURNEN~ AND F. L. HORSFALL~ JR.  399 
The results of these various tests show clearly the striking biological homo- 
geneity of the 59 strains of streptococcus MG which were studied.  Moreover, 
they reveal certain clear cut differences between this streptococcus and other 
species of streptococci which have been studied in a  similar manner. 
Additional Characteristics of Streptococcus MG 
Certain  strains  of  streptococcus  MG  were  selected for additional studies. 
Tests were carried out to determine their pathogenicity for laboratory animals 
and for chick embryos.  The effects of the sulfonamides and of penicillin upon 
the  growth  of  the  microorganism  were  also  studied  and  some  observations 
were made concerning its growth requirements. 
Pathogenicity for Laboratory Animals.-- 
Undiluted 18 hour blood broth cultures of certain strains of streptococcus  MG were in. 
oculated in numerous laboratory animals by a variety of routes.  Swiss mice, cotton rats, 
and hamsters were given massive doses of culture by either the intraperitoneal, intracerebral, 
or intranasal route.  In some instances cultures were combined with hog gastric mucin be- 
fore intraperitoneal or intranasal inoculation.  Rabbits and guinea pigs were inoculated with 
undiluted culture either subcutaneously,  intraperitoneally, or intracerebrally, and monkeys 
were inoculated intratracheaUy.  The animals were observed daily for evidences of infection. 
Appropriate cultures were taken from any which died.  Serial chest x-rays were taken on 
monkeys following inoculation. 
The  strains of streptococcus MG  employed were found  to be almost com- 
pletely non-pathogenic for the animal species tested.  All of the mice and ham- 
sters which were inoculated survived.  A  few cotton rats died within 24 hours 
following intraperitoneal inoculation,  but  the  streptococcus  was  not  demon- 
strable in cultures from these animals.  Rabbits and guinea pigs survived both 
intraperitoneal and subcutaneous inoculations but usually died with meningitis 
and bacteremia following massive intracerebral inoculation.  Strains recovered 
from these animals failed to show any increase in virulence on  serial passage 
in other animals of the same species.  Monkeys which  were inoculated intra- 
tracheally remained healthy and  showed  no  evidence  of pneumonia  in  serial 
x-rays. 
Pathogenicity for Chick Embryos.--The pathogenicity of strain 344 for chick 
embryos of varying ages was studied in detail. 
Fertile eggs were incubated at 37.5°C.  After periods of incubation varying from 6 to 
14 days the eggs were candled and living embryos separated from those which had failed to 
develop.  Serial tenfold dilutions in broth of an 18 hour broth culture of strain 344 were 
prepared.  Groups of three or four embryos were inoculated either into the Mlantoic or the 
yolk sac with 0.1 ml. of each culture dilution.  Following inoculation the embryos were re- 
inoculated at 37.5°C. for from 6 to 10 days and candled daily.  Cultures on blood agar plates 
and in broth were taken from embryos which died and in positive cultures the streptococcus 
was identified by the Q.uellung  reaction.  The embryos which survived were also cultured at 
the end of the observation period in a similar manner. 400  NON-I~-E~rOLYTIC :STREPTOCOCCUS  ]~RO~f RESPIRATORY  TRACT.  I 
Infection of the embryo occurred and was followed by growth of the strepto- 
coccus irrespective of the age of the embryo at the time of inoculation or the 
route employed,  This was true even when very small numbers of streptococci 
(e.g.  10  -7  ml.  of  culture)  were  introduced.  However,  fatal  infection  was 
found to depend both upon the age of the embryo and the number of bacteria 
10  ~_  • 
•  InCa  allan~oic 
~o  "~  o\  o  Ini~.ct go.sac 
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TExT-Fzo. 1. Fifty per cent mortality end points of titrations of streptococcus MG in 
chick embryos of various ages. 
injected.  As is shown graphically in Text-fig. 1, the 50 per cent mortality titers 
obtained with streptococcus MG, strain 344, decreased in a  linear manner as 
the age of the embryos at the time of inoculation increased.  It will be noted 
that an inoculum of approximately ten streptococci induced fatal infection in 6 
day embryos, whereas 14 day embryos did not die after inoculation with  10  e 
microorganisms.  It will also be seen that  the  50 per cent infectivity titers 
were independent of the age of the embryo and that an inoculum of approxi- 
mately ten  streptococci caused non-fatal infection even of  14 day embryos. G. S. MIRICK, L. THOMAS, E. C. CURNEN, AND F. L. HORSFALL~ JR.  401 
Resistance to SuIfapyridine.--Studies  were carried out to determine the degree 
to which streptococcus MG was resistant to the bacteriostatic effect of sulfa- 
pyridine. 
The method employed was that described by MacLeod and Mirick (31) for testing strains 
of pneuococcns and made use of fresh liver infusion medium shown to be free of sulfonamide 
inhibitors.  Various concentrations of sulfapyridine up to 1  : 5000 were added to this medium. 
The inoculum consisted of 10  4  ml. of an 18 hour broth culture, or about ten streptococci as 
determined by colony count.  The inoculated media were incubated at 37°C. for 24 hours 
and the presence of bacterial growth determined by the development of gross turbidity. 
It was found that strain 344 was completely resistant to the effect of 1 : 5000 
sulfapyridine in liver infusion medium.  Growth was initiated just as promptly 
and proceeded just as rapidly, as judged by the gross turbidity produced, in the 
presence of this concentration of sulfapyridine  as in the control medium without 
sulfapyridine.  It  will be  recalled that  the  semiselective medium which  was 
employed to facilitate the isolation of the strains used in this study contained 
1:2000 sulfapyridine.  Subsequent tests showed  that  the  smallest inocuia of 
the five strains obtained from living tissues which were  capable of initiating 
growth in broth also grew readily in the semiselective medium.  The mechan- 
ism by which streptococcus MG was capable of resisting the effect of such high 
concentrations  of  sulfapyridine  is  at  the  present  time  obscure.  Extracts 
prepared from heavy suspensions of several strains by a method similar to that 
employed in the study of a  sulfonamide-resistant strain o4 pneumococcus (32) 
failed  to  show  the  presence  of  any  sulfonamide inhibitor resembling para- 
aminobenzoic acid. 
Susceptibility  to  Penicillin.--The  effect  of  penicillin upon  the  growth  of 
streptococcus  MG in  ~.itro, and  in  chick  embryos,  was  investigated by  the 
methods described below. 
A sterile solution of the sodium salt of penicillin (Squibb) was prepared in broth.  Appro- 
priate amounts of this solution were added to Todd-Hewitt broth so as to give final concen- 
trations of penicillin which varied from 1 to 0.01 units per ml.  Serial tenfold dilutions o~ an 
18 hour broth culture of strain 344 were prepared and 1.5 ml. portions of broth containing a 
given concentration  of penicillin were inoculated with 0.1 of each of the culture dilutions. 
The inoculated  media were then incubated  at 37°C. for 48 hours.  Bacterial growth was 
determined by the development of  gross turbidity and in those cultures in which  growth 
occurred the streptococcus was identified by means of the Qud/u,g reaction with immune 
rabbit serum. 
Groups of three or four chick embryos were inoculated by the intra-allantoic route with 0.2 
ml. of broth containing  varying concentrations of penicillin and varying numbers of strepto- 
cocci (strain 344).  The culture dilutions and the penicillin dilutions were mixed immediately 
before inoculation.  Embryos ranging in age from 6 to 14 days were used but all embryos in 
a  single test were of the same age.  Following inoculation the embryos were re-incubated 
at 37.5°C. and were candied daily.  Cultures in broth and on blood agar plates were,taken 
from all embryos which died.  At the end of the observation period (6 days)  those which 
survived were cultured  simUarly.  The identity of the streptococcus in the cultures which 402  NON-HEMOLYTIC STREPTOCOCCUS  ~'ROM  RESPIRATORY  TRACT.  I 
showed growth was determined by means of the  capsular swelling reaction with immune 
rabbit  serum. 
The results  of these  in ~ro and in vivo experiments showed that  strepto- 
coccus MG was definitely susceptible to the bacteriostatic action of penicillin. 
In Table III the results obtained in a  typical in vitro experiment are presented. 
It will be seen that penicillin in a  concentration of 0.1  unit or more per ml. of 
medium completely inhibited the growth of inocuh of 0.1 ml. of 10  -3 or greater 
dilution of streptococcus culture (8000 cells).  In the case of the larger inocula 
tested,  0.3  units  of penicillin  per ml.  of medium  was  required  for complete 
bacteriostasis  under  the  conditions  of  this  experiment.  The  degree  of  sus- 
ceptibility of streptococcus MG to penicillin  in vitro is of approximately the 
TABLE  III 
The E~ea of Penicillin on the Growth of Streptococcus MG in Vitro 
Inoculum of 
streptococcus  Growth of streptococcus MG 
MG 
Culture dilution  Units of penicillin per ml.of culture 
0.t ml.  1  0.3  0.1  0.01  None 
lO-Z 
10  ~ 
lO-S 
10  ~ 
10-1 
10  ~ 
o 
o 
o 
o 
o 
o 
o 
o 
o 
__  0.03 
++  ++ 
0  ++ 
0  ++ 
0  ++ 
++++ 
++++ 
++++ 
++++ 
+++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
0 indicates no visible growth 
+  -- ++++  indicates degree of turbidity  resulting from growth 
same order of magnitude as that observed by others for the majority of sus- 
ceptible bacterial species. 
The results of a  typical experiment in chick embryos are illustrated in  Table 
IV.  It will be noted that four of the nine control embryos, which were inocu- 
lated with various dilutions of a  culture of strain 344, had died by the 6th day 
and all nine embryos had become infected by that time.  On the other hand, 
all of the twelve embryos which received i.2 units of penicillin,  together with 
dilutions of streptococcus culture survived.  Furthermore, none of the embryos 
which  survived  was  infected  with  the  streptococcus  even  though  some had 
received an  inoculum  10,000  times  greater  than  had  certain  of  the  control 
embryos. 
Nutritional  Requirements.--Ten  strains  of  streptococcus  MG  were  tested 
for their ability to grow in a  simple medium shown by Niven and Smiley (33) 
to support, when sufficient thiamine was added, the growth of Sir. salivarius. G. S. MIRICK, L. THOMAS, E. C. CURNEN, AND F. L. HORSFALL, JR.  403 
This medium contained 0.3 per cent of yeast extract from which thiamine had 
been removed.  Their observations were easily confirmed with a  number of 
strains of Sir.  salivarius.  None, however, of the ten strains of streptococcus 
MG  which  was  tested  was  capable  of growth  in  this  medium.  Moreover, 
growth of streptococcus MG was not supported by the addition to this medium 
of adequate amounts of thiamine, pyridoxine, choline, folic acid, coenzyme, and 
p-aminobenzoic acid.  Despite the fact that the addition of these substances 
did not render the  basal  medium complete, the addition to it of 0.3 per cent 
of the untreated yeast extract resulted in a medium in which abundant growth 
of streptococcus MG occurred.  This finding appeared to indicate that some 
substance  or  substances  essential for the  growth  of streptococcus MG, and 
TABLE IV 
The Effect of Penicillin on the Growth  of Streptococcus MG in Chick Embryos 
Inoculum of  Fate of embryo and result of culture  streptococcus MC 
Culture dilution  Units of penicillin per embryo 
0.1 ml.  1.2  None 
10-~ 
i0--.~ 
10-4 
10-~ 
10s 
S  o 
S  0 
S  ,0 
S  0 
s  o 
s  o 
S  o 
s  o 
S  0 
S  0 
S  0 
S  0 
Dr++++ 
Dr++++ 
S  ++++ 
++++ 
++++ 
S  ++++ 
s++++ 
s++++ 
s++++ 
S =  survival of embryo for 6 days 
D -- death of embryo; exponent =  day of death 
0 -- no bacterial growth in cultures of allantoic fluid 
++++  =  growth of streptococcus  MG in cultures of allantoic fluid 
not included in the list of accessory growth factors tested, had been removed 
together with thiamine during the preparation of thiamine-free yeast extract. 
DISCUSSION 
The classification of the non-hemolytic streptococci commonly presentin the 
human  upper  respiratory tract  is  notoriously complex, and,  in  many ways, 
unsatisfactory.  These microorganisms are usually divided into  (1) Slr.  sali- 
rarius,  and  (2) the large and heterogeneous group known as Sir.  mills.  The 
biological characteristics of numerous strains of Str.  salivarius and Str.  m~is 
have been described by Sherman, Niven, and Smile), (18).  It is the opinion of 
these authors that Sir.  salit,  arius is a  homogeneous bacterial species but that 
Str.  mitis  is in fact a  group  of bacterial species which have certain charac- 
teristics in common, but which show considerable variation by other differential 
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Certain  biological characteristics  of a  non-hemolytic streptococcus, desig- 
nated  streptococcus MG,  which  was  isolated from  the  respiratory tract  of 
human  beings have been  described in  the present paper.  Each  strain  was 
selected on the basis of the following criteria:  (1) the development of capsular 
swelling in the presence of a single immune rabbit serum and (2) the production 
of small fluorescent colonies on sucrose agar.  All of the strains which fulfilled 
these criteria have been found, as the result of the biological studies described 
in  this paper,  to  comprise a  strikingly homogeneous bacterial group.  The 
characteristics of streptococcus MG differ from those ascribed to any other 
clearly defined bacterial species.  This streptococcus resembles in certain re- 
spects both Str.  salivarius and the Str. mills group but can be differentiated 
from  each  by  appropriate  tests. 
Streptococcus  MG  possesses  a  number  of  characteristics  which  serve  to 
distinguish it from Str. salivari~s.  It not only forms small colonies on sucrose 
but produces ammonia from peptone, does not ferment raffinose and  inulin, 
and does not grow at 45°C.  The opposite reaction in each instance is charac- 
teristic of Str. salivarius  (18). 
It is more difficult to distinguish  streptococcus MG from Str. mitis.  This 
is true because of the  lack  of homogeneity in  the Sir.  milis group.  In  one 
respect, its resistance to the bacteriostatic action of bile,  ~ streptococcus MG 
differs from all strains of Sir. mitis described by Sherman, Niven, and Smiley 
(18), who have pointed out that susceptibility to bile bacteriostasis is one of the 
most distinguishing  characteristics of the whole Str.  mitis group.  With  this 
exception, certain biological characteristics which are common to all the strains 
of Str.  mitis are possessed by all  the  strains  of streptococcus MG.  Certain 
other attributes which are variable though often linked in the Sir. mitis group, 
namely, the production of ammonia, fermentation of salicin, and curdling of 
milk,  are also possessed by all  strains  of streptococcus MG.  On  the  other 
hand, certain other variable attributes of the Sir. miZis group, namely the ability 
to ferment raffinose and to produce marked greening on blood agar, are not 
possessed by any strain  of streptococcus MG.  It  is not apparent from the 
statistical data of Sherman, Niven, and Smiley (18) that any individual strain 
classified as Str.  mills  possesses all  of the  attributes  of  streptococcus  MG. 
Despite  the  marked  differences in  tolerance  to  bile  it  seems  probable  that 
streptococcus MG may be closely related to a few of those  strains which  pre- 
viously have been classified as Str. mi~is. 
About half of the strains of Sir. salivarius described by others belong to one 
serological type which has been designated type I; a  second distinct but less 
common serological type has been called type II (18).  It has been previously 
We are indebted to Dr. J. M. Sherman, Laboratory of Bacteriology, Cornell University, 
Ithaca, New York, for confirmation of this observation with certain strains of streptococcus 
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stated that all of the strains of streptococcus MG included in the present study 
were selected because they showed capsular swelling when mixed with a single 
homologous immune  rabbit  serum.  Consequently they are  thought  to repre- 
sent a single serological type.  It will be shown in a following paper  (34) that 
streptococcus  MG  is immunologically  related  to  but  not  identical  with  Str. 
salivarius  type  I.  No  characteristic  serological  type  of Str.  mitis has been 
described,  but  Sherman,  Niven,  and  Smiley  found  that  a  few  strains  of 
that group  reacted as does streptococcus MG with anti-type  I  Str. salivarius 
serum. 
The  sharp  separation  of a  homogeneous bacteriological group  with  clearly 
defined  biological  characteristics  and  with  definite  immunological  specificity 
has great practical  utility.  It has been shown in the present study that  the 
59 strains  of streptococcus MG form such a  homogeneous group.  It  seems 
probable  that  streptococcus  MG  represents  a  hitherto  undifferentiated  and 
clearly defined species of streptococcus. 
SUM-MARY 
A single serological type of non-hemolytic streptococcus, designated strepto- 
coccus MG, has been isolated from the lungs of fatal cases of primary atypical 
pneumonia,  from  the  sputa  of patients  with  this  disease,  and  occasionally 
from  the  respiratory  tracts  of  normal  human  beings.  Certain  biological 
characteristics of this microorganism have been studied.  All of the 59 strains 
isolated have been shown to belong to a homogeneous bacteriological group with 
characteristics which serve to distinguish it from any other well defined species 
of  streptococcus.  It  has  been  suggested  that  this  microorganism  probably 
represents  a  distinct  and  hitherto  undifferentiated  species  of  strepto- 
coccus. 
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EXPLANATION OF PLATE 25 
The photographs were made by Mr. Joseph B. Haulenbeek. 
FIO.  1A.  Streptococcus  MG  in  normal  rabbit  serum,  stained  with  methylene 
blue.  No  capsules  observed.  Magnification  ×  2000. 
FIG. lB.  Streptococcus  MG  in antistreptococcus  MG  immune  rabbit  serum, 
stained with methylene blue.  Note capsular  swelling.  Magnification  X  2000. 
FIG. 2.  Colonies of Streptococcus salivarlus  and streptococcus  MG  on a nutrient 
agar plate containing 5 per cent surcrose.  To the left are large succulent  colonies of 
Str. salivarius and to the right small fluorescent colonies of streptococcus  MG.  En- 
larged  about 2  ×. TtIE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  80  PLATE  25 
(Mirick el al.:  Non-hemolytic streptococcus from respiratory tract.  I) 